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Received 23 June 2012; revised 31 August 2012; accepted 25 September 2012AbstractChildhood obesity is an epidemic of global proportions, accompanied by an alarming increase in various metabolic disorders. It would appear
that childhood obesity stems largely from excessive energy intake and that it is the ensuing obesity that leads to physical inactivity in children, as
opposed to initial physical inactivity inducing obesity. How changes in body composition that accompany obesity influence physical activity
(PA) and the mechanistic basis for this remains poorly understood. This review provides an overview of the PA habits and body composition of
the obese children. We suggest skeletal muscle metabolism as a key driver of PA. The role both quantitative and qualitative changes in skeletal
muscle may play in oxidative metabolism in the obese children are discussed. There is a real need for research examining the mechanistic basis
of physical inactivity in the obese. The dearth of information on the role of skeletal muscle metabolism in the PA of obese youngsters and the
emergence of new technologies allowing cellular and metabolite mechanisms to be explored provides plenty of scope for future work.
Copyright  2012, Shanghai University of Sport. Production and hosting by Elsevier B.V. All rights reserved.
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Latest statistics from theWorld Health Organization indicate
that between the years 1980 and 2008 worldwide obesity rates
have doubled.1While the country with the highest prevalence of
overweight and obesity remains the USA, it is those countries
which have undergone the most rapid economic development
that have witnessed the most dramatic increases in obesity over
this time-frame. Nowhere is this more acute than in China. The
economy in China has grown at an annual average rate of 10%
since 1990 and there has been a concomitant rise in levels of
childhood obesity over this same timeframe. The high degree of
regional specificity in obesity prevalence rates in China most* Corresponding author.
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obesity. Less developed, non-coastal and rural regions have
maintained combined overweight and obesity levels corre-
sponding with the countrywide value of less than 5% for the
1980s. In contrast, by 2005 the rapidly developed coastal and
urbanized regions have seen childhood overweight and obesity
climb to over 30% in boys and 15% in girls.2
The potential for physical activity (PA) to play a protective
role against excessive adiposity has led to a plethora of research
documenting the relationship between PA and excessive fat
gain. PA is generally conceptualized as activity that is of at least
moderate intensity (3 metabolic equivalent tasks (METs)).3,4
Describing a child as inactive indicates that the child is not
performing sufficient (defined by specific PA guidelines)
moderate to vigorous activity.3,4 Sedentary behavior on the other
hand is waking behavior that requires very low levels of energy
expenditure (1.5 METs).3,4 All tasks that require more energy
than sedentary behaviors but are not at least moderate intensity
are categorized as light activity.3,4
Strong inverse correlations between accelerometer deter-
mined PA and precise measures of body composition have been
documented in children.5e7 These findings lend support to theProduction and hosting by Elsevier B.V. All rights reserved.
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contrast, a review of the available prospective study of objec-
tively assessed PA and gains in adiposity has concluded that PA
is a poor predictor of increases in excessive fatness.8 The cross-
sectional nature of many of the association studies has meant
that there is the strong possibility of reverse causality, i.e.,
obesity leading to lower PA levels, as opposed to physical
inactivity leading to obesity.9 When the energy flux, or the
change over time in the balance between energy intake and
energy expenditure, has been scrutinized, a positive relationship
has been found between body weight and energy flux.10 This
suggests that it is increases in total energy intake, as opposed to
decreases in total energy expenditure, that are driving increases
in body weight. Although there is still no consensus on which
side of the energy balance equation is contributing the most to
the imbalance, a recent meta-analysis provides substantial
evidence that reverse causality may have hampered our inter-
pretation of cross-sectional findings relating PA to adiposity.11
The results of the meta-analysis, which examined objectively
measured PA and changes in body fatness over time, appear to
support the premise that excessive fatness leads to inactivity in
children, as opposed to inactivity inducing obesity.
Given the public health significance of the increasing
worldwide prevalence of obesity, the importance of establishing
the causal relationship between obesity and PA cannot be over-
estimated. Understanding the potential influence of being obese
on PA is therefore the focus of this review. The review begins
with an overviewof the PAhabits of obese children.A discussion
of how body composition varies in obesity follows. We then
consider skeletal muscle metabolism as a key driver of PA and
possible mechanisms underlying deficits in skeletal muscle
metabolism in the obese children are proposed. The review
concludes with consideration of the benefits and challenges
associated with obese youngsters becoming physically active.
An electronic search of the following databases was done within
the maximum time periods available in their archives: PubMed
Central (1946e2012), Medline (1973e2012), and Cochrane
Library (1973e2012). Our common search terms were matched
to the Medical Subject Headings (MeSH) index and included:
Child, Adolescent, Physical activity, Obesity, Adiposity. We
used combinations of these common search terms alongside each
area of interest such as Muscles/skeletal/metabolism, Energy
metabolism, Exercise/physiology, Pulmonary gas exchange,
Kinetics, Genomics, Metabolomics/metabonomics, etc. This
was supplementedwith book chapters and journal article citation
searches. Only English language publications which included
children and adolescents aged 4e18 years old were included.2. PA in obese childrena
How active are obese children? Are they less active than
their non-obese counterparts? It would seem that regardless ofa Because of the inherent limitations with self-reported PA, particularly in
young people, only those studies which use an objective measure of PAwill be
considered.12,13the measurement device, (accelerometry, heart rate measure-
ment, or doubly-labeled water), the obese children generally
exhibit lower levels of activity. For example, Maffeis and
colleagues14 used heart rate monitoring to estimate PA in
a small group of 8e10-year-old obese (body mass index
(BMI) >97th percentile) and non-obese children. Non-obese
children spent about 100 min a day more being physically
active (all activity above sedentary behavior) than the obese
children. Moderate to vigorous PA was similar in the two
groups, so the difference in total daily activity was accounted
for by light intensity activity. The authors also found that the
obese children spent more time (approximately 100 min a day)
engaged in sedentary pursuits compared to the non-obese
children. These findings are similar to Yu et al.15 who also
used heart rate derived estimates of energy expenditure to
compare total activity (activity above sedentary behavior) and
sedentary behavior between 18 obese (BMI 95th percentile)
and 18 non-obese 6e18-year-olds. The obese youngsters in Yu
et al.’s15 study spent 30% less of the monitored time engaged
in physically active pursuits (no data are provided for the
breakdown of light, moderate or vigorous activity), but 51%
more time engaged in sedentary activities during the waking
hours.
Accelerometry studies also found lower PA levels in obese
youngsters. In a group of 53 obese (BMI 98th percentile)
and 53 non-obese boys and girls (mean age 8.6 years),
Hughes and colleagues16 found total activity time (mean
accelerometer counts/min) was lower in the obese (648
counts/min) compared to non-obese children (729 counts/
min). Interestingly there was no difference in time spent being
sedentary between the two groups of children in this study.
When the proportion of the time spent engaged in activities of
moderate to vigorous intensity was compared this was
marginally less (2.4%) in the obese (average of about 16 min
a day) compared to the non-obese (average of about 23 min
a day). Similarly, Page et al.17 found that time spent being
moderately to vigorously active was slightly less in 14 obese
(BMI >99th percentile; average of about 10 min a day)
compared with 54 non-obese (average of about 13 min a day)
10-year-olds.
Although total activity and PA are generally less in the
obese children and adolescent compared to the non-obese,
total activity energy expenditure is not always reduced. Eke-
lund et al.18 assessed total activity energy expenditure and PA
using a combined doubly-labeled water and accelerometer
approach in 18 obese (BMI >30 kg/m2) and 18 non-obese
adolescents. They found no difference in total activity energy
expenditure when adjusted for lean body mass, but lower
levels of PA in the obese. These findings are concordant with
others who have also found that when total energy expenditure
is adjusted for size values are similar between the obese and
non-obese.19e22 Ekelund et al.18 concluded that PA does not
necessarily equate to the total energy cost of activity because
of the often-overlooked low-intensity component of total
activity energy expenditure. They suggested that low-to-
moderate intensity activities determine overall PA level to
a greater extent than vigorous activities. Low intensity PA is
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obese children.
Light intensity activity is acquired from the frequent, short-
duration day-to-day activities, rather than sustained organized
sport or exercise. The usual way of expressing PA, using
summary measures such as total PA or total time spent in
differing intensity categories such as moderate-to-vigorous
PA, does not adequately capture the various dimensions of
short-duration, sporadic PA, such as the frequency, duration
and intensity of movement bouts, as well as the sedentary
intervals between these. To the best of our knowledge, only
one report provides detailed information of this kind for the
obese children. McManus and colleagues23 monitored 42
obese (BMI >90th percentile) and 42 age- and sex-matched
non-obese 7e9-year-olds using second-by-second triaxial
accelerometry over a 3-week period. Similar to Ekelund
et al.’s18 work, activity was generally low intensity, and
accounted for 71% and 68% of the total weekday and weekend
PA respectively in both the obese and non-obese. Whilst the
length and intensity of activity bouts were similar in the obese
and non-obese, the obese children experienced fewer activity
bouts across the waking day, coupled with longer rest periods
between bouts of movement, especially at the weekend. Work
by Stone et al.24 comparing lean and overweight (BMI 85th
percentile) boys, found that the number of short-duration light
intensity bouts of movement in a day was very high, with more
than 900 bouts per weekday of, on average, 11e12 s in
duration in both lean and obese during the weekday or
weekend. The obese children in the study of McManus et al.23
experienced significantly fewer short-duration low-intensity
bouts (788 bouts/day, about 170 less bouts than the non-obese)
during the weekday and substantially less (483 bouts/day, over
190 fewer bouts than the non-obese) at the weekend. In
contrast, the overweight boys in Stone et al.’s24 study experi-
enced a similar number of active bouts both during the week
and at the weekend. Differences in these findings may reflect
differing data processing approaches, as well as the differing
environmental settings of the two studies. Alternatively, is it
possible that more pronounced restrictions on PA may be
a feature of more pronounced changes in body composition
that accompany obesity, rather than a feature of being
overweight?Table 1
Fat mass index (FMI) and fat-free mass index (FFMI) in boys and girls of differin
FMI
Boys Girls
<12 years 12 years <12 years 12 y
Non-obese31
Caucasian 3.5 4.4 4.8 6.1
Asian 4.6 4.1 4.4 6.6
Black 4.3 3.9 4.9 8.1
Obese30,31
Mixed race 10.4 8.8 11.4 14.8
Chinese 9.6 10.3 9.4 9.63. What are the shifts in body composition that
accompany obesity?
Obesity is most commonly classified using BMI or by
expressing fatness as a percentage of total mass. These single
measures of body composition have been shown to be unsat-
isfactory because of the failure to account for changes in other
components of body composition.25 For example, BMI does
not account for relative leanness and at any given BMI there
can be widely varying degrees of body fatness.26 Percentage
body fat is problematic because without adjustment for size,
this measure is also influenced by the relative leanness of the
individual.25
Fat mass index (FMI; FMI ¼ fat mass (kg/m2) and fat-free
mass index (FFMI; FFMI ¼ fat-free mass (kg/m2) have been
proposed as superior measures for tracking changes in body
composition during growth and development, and for inves-
tigating changes in body composition with increasing
adiposity.26 These relative indices take into account the height
of the individual, and allow a measure of the relative contri-
bution of fat mass and fat-free mass for a given BMI.27
Values for both FMI and FFMI under the age of 11 years and
between 11 and 18 years are provided in Table 1 for boys and
girls of differing levels of adiposity. Both FMI and FFMI
increase with age in girls.28e31 Obese girls show similar
increases with age, but FMI is substantially greater, with FFMI
marginally higher.30,31 In boys FMI remains relatively stable
with increasing age,whilst FFMI increaseswith age.28e31Again
the change with age is similar in obese boys, but values for FMI
are substantially higher, with FFMI marginally greater.30,31
For any given level of fatness, obese children may have
differing levels of FFMI. Often greater relative fatness is
accompanied by a greater FFMI (Table 1). There is however
variation in FFMI for a given BMI, albeit less than the vari-
ation in FMI, and it is possible for the obese children to have
a relatively low FFMI.26 Data from 1003 Israeli primary
school children illustrate this, identifying a small subset of
obese children who are characterized by being tall and pos-
sessing a low fat-free mass.32
Using FMI and FFMI, differing subtypes of obesity have
been classified in adults as: (1) sarcopenic obesity (high FMI
and low FFMI), (2) proportional obesity (high FMI and normalg age, race and adiposity (kg/m2).
FFMI
Boys Girls
ears <12 years 12 years <12 years 12 years
14.2 17.4 13.7 15.2
14.2 15.2 13.3 15.4
15.2 18.3 14.3 16.6
16.3 19.2 15.9 18.8
15.8 19.7 15.2 16.0
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The functional implications of differing quantities of fat and
fat-free mass for a given BMI are potentially substantial, yet
there is a dearth of information characterizing changes in FMI
and FFMI in sufficient detail in obese children.
4. Skeletal muscle metabolism in the obese children
It is quite possible that alterations in PA in the obese
children stem from adjustments in the metabolic response to
movement, given changes in both the quantity and quality of
muscle create disparities in muscle metabolism and differing
patterns of substrate utilization. PA may also exert influence
on cellular attributes of skeletal muscle, which in turn alters
the metabolic response to movement. A discussion of key
features of skeletal muscle metabolism in the obese children,
as well as consideration of possible mechanisms underlying
this response follows.
Any transition in muscular work from rest to short duration
bouts of movement requires a rapid adjustment in ATP
synthesis in order to match ATP usage.33 This is met initially
by the ATP-CP system and anaerobic glycolysis. If the activity
remains low intensity, reliance on anaerobic glycolysis is
fleeting and oxidative metabolism attends to ATP synthesis. If
PA is performed at higher intensities, the contribution of
anaerobic glycolysis becomes more significant.
Pulmonary oxygen uptake (VO2) has traditionally been
used as a marker of oxidative metabolism and it is generally
assumed that VO2 is linearly related to work rate, and at
a given intensity, VO2 remains constant.
34 These assumptions
are however, not strictly true. The pulmonary oxygen uptake
kinetic response to exercise has fast (primary) and slow
components, reflecting the efficiency of skeletal muscle
oxidative metabolism, the relative degree of fatigue and
affording an understanding of the interplay between cardio-
pulmonary and metabolic processes during PA and how these
may be affected by conditions such as obesity.35
The pulmonary oxygen uptake kinetic response to low-to-
moderate intensity exercise (i.e., intensity below the gas
exchange threshold) has been described by three phases. Phase I
begins as soon as the child transits from a period of rest to a bout
of PA. First there is a delay, followed by a rapid rise in oxygen
uptake. This first phase is also known as the cardiodynamic phase
and reflects cardiovascular and pulmonary adaptations. Phase I is
not dependent onVO2, rather it is largely amarker of the increase
in pulmonary blood flow. Phase I is followed by an exponential
increase in VO2 (phase II) that drives VO2 to steady state (phase
III). Phase II kinetics are also known as the primary (fast)
component and are described by a time constant revealing the
time taken to achieve 63% of the change in oxygen uptake. The
primary component provides a very close reflection (within about
10%) of the kinetics of oxygen uptake at the muscle. In phases I
and II, when ATP re-synthesis cannot be fully supported by
oxidative phosphorylation, the additional energy requirements
are met from oxygen stores, PCr, and glycolysis. The oxygen
equivalent of these energy sources is known as the oxygen deficit
and the faster the time constant the smaller the oxygen deficit.35During higher intensity PA, activity that is above the gas
exchange threshold, a slow component manifests at phase III.
During low to moderate intensity activity, there is no phase III
slow component, with VO2 attaining steady-state at the end of
phase II. In comparison, during more vigorous intensity
activity above the gas exchange threshold VO2 continues to
rise above what would have been steady-state and this reflects
a loss of muscle efficiency and ensuing fatigue.
Despite the pulmonary oxygen uptake kinetic response to
PA providing an excellent marker of skeletal muscle metab-
olism, information is scarce for the obese youngster. Salva-
dego et al.36 studied the pulmonary oxygen uptake kinetic
response to constant load exercise of varying intensities (40%,
60%, and 80% of estimated peak VO2) in 14 obese (BMI
>97th percentile) and 13 non-obese adolescent boys. They
found a slower primary component during low intensity (40%
peak VO2) exercise in the obese boys, suggesting a greater
oxygen deficit and therefore increased metabolic contribution
from anaerobic glycolysis, lowering exercise tolerance. What
are the implications of this for daily PA patterns? Essentially,
making rapid and frequent transitions between sedentary
activities and low to moderate intensity PA will be more
fatiguing in the obese children. Therefore one would expect
longer rest periods and fewer activity bouts, which corre-
sponds to the findings of McManus and colleagues.23
In the same study, a slow component was apparent during
heavy intensity (80% peak VO2) exercise in both the lean and
obese boys.36 Although the relative amplitude of the slow
component was similar between the two groups, the best fit for
the pulmonary oxygen uptake kinetic response during the slow
component was a linear function in the obese, and exponential
function in the normal weight boys. A significant inverse
relationship was reported for the slope of the linear increase in
oxygen uptake and time to exhaustion during the slow
component and lends supports to the proposition that during
high-intensity PA obese children will experience greater levels
of fatigue because they will attain maximum quicker. This
may well account for the lower levels of moderate to vigorous
PA noted in studies of free-living PA in obese youngsters.16,17
Caution in making such conclusions from the findings of this
study are warranted however, given that the intensity of the
constant load exercise bouts utilized corresponded to
a percentage of peak oxygen uptake, rather than to individual
gas exchange threshold values. This may have resulted in the
obese children working at a higher relative workload, which
appears to be the case at 60% of maximal oxygen uptake
where nine of the 14 obese adolescents displayed a slow
component, not apparent in any of the non obese adolescents.
5. Mechanism underlying deficits in skeletal muscle
metabolism5.1. Muscle fiber distribution and substrate utilizationIn human muscles there is substantial variability in fiber
type proportions. Muscle fiber typing usually categorizes the
many differing skeletal muscle fibers into three main groups
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speed of contraction and metabolic properties. Type I or slow
twitch fibers are smaller, slower to contract, and not capable of
generating as much force as Type II fibers. Type I fibers are
fatigue resistant; that is, they can continue to contract
repeatedly without undue fatigue. They contain many mito-
chondria and are surrounded by several capillaries, ensuring
a generous supply of oxygen and therefore have a high
capacity for oxidative metabolism. Type IIa fibers exhibit
characteristics of both Type I and Type IIb fibers. They
resemble Type IIb fibers in that they are large, fast, capable of
forceful contraction, and high in glycolytic capacity. They are
also similar to Type I fibers because they have more mito-
chondria, a moderate capillary supply, and higher oxidative
capacity compared with Type IIb fibers. Type IIb fibers are the
largest, fastest, and most forceful of the three main fiber
categories. They have a low oxidative capacity, but high
anaerobic glycolytic capacity and are capable of producing
large amounts of lactic acid, fatiguing easily.
Studies have shown that the skeletal muscle of obese adults
are comprised of a lower proportion of oxidative type I skel-
etal muscle fibers muscle.37,38 This would suggest oxidative
metabolism is attenuated in the obese and this proposition is
supported by evidence that obese adults show an impaired
capacity to oxidize fats, which has been coupled to hastened
weight gain.39 In children there has been no thorough inves-
tigation of the relationship between adiposity and skeletal
muscle fiber type, largely because of ethical limitations of the
muscle biopsy. There is evidence that the young child is an
“oxidative specialist”, possessing few Type IIb skeletal muscle
fibers and a predominance of Type I and Type IIa skeletal
muscle fibers.40 The percentage distribution of type IIa and IIb
skeletal muscle fibers attains adult values during late adoles-
cence.38 Whether the developmental trajectory toward the
adult skeletal muscle fiber distribution pattern differs in the
obese children is not known.
There is limited evidence of impaired exercise fat oxidation
in the obese children. Zunquin et al.41 reported lower maximal
exercise fat oxidation values for obese pubertal boys
compared to the lean. Evidence is available that indicates
deficits in fat oxidation can be reversed through targeted PA
intervention, which may also augment positive alterations in
body composition.42,43 It should be noted though, that these
interventions have all been delivered in combination with
dietary manipulation and it is therefore not possible to
ascertain the respective influence of the PA intervention or the
dietary manipulation. Unlike adults, impaired fat oxidation
has not been shown to predict future development of obesity
in childhood.445.2. Cellular adjustments with physical inactivity and
sedentary behaviorOne explanation for deficits in skeletal muscle oxidative
metabolism in the obese is that shifts in intracellular processes
occur such as reductions in key enzymes associated with the
oxidation of fats such as citrate synthase, thus reducing thecapacity for fatty acid oxidation in skeletal muscle.45 These
changes may be brought about simply by the changes in body
composition associated with being obese, and are indeed more
pronounced in the severely obese.45 Alternatively, they may be
related to the combined effect of being obese and a lack of
adequate muscular contraction.
Skeletal muscle is a uniquely plastic tissue and PA induced
muscular contractions create a host of intracellular changes
that are believed to drive adaptive processes that improve
metabolic efficiency and oxidative capacity. The skeletal
muscle phenotype is therefore adaptable in response to PA.
Adaptations include changes in mitochondrial numbers, as
well as changes in molecular factors regulating skeletal
muscle metabolism and examples of these follows.
A recent study provides evidence that exercise creates
transient changes in DNA methylation in adults.46 DNA
methylation plays a key role in the control of gene expression
and may help to explain the mechanism underlying various
intracellular responses to muscular contraction, such as
alterations in skeletal muscle nuclear receptors. A number of
skeletal muscle nuclear receptors are associated with
increased adiposity in both adults and children47 (e.g.,
peroxisome proliferator-activated receptors delta (PPAR-d)
and gamma (PPAR-g)). These have also been found to be
important regulators of oxidative metabolism in adults.48
Unfortunately we know little about the interaction between
PA and these nuclear receptors in either obese or non-obese
children.
Complex diseases such as obesity undoubtedly have
a genetic component. As a consequence of the global increase
in the prevalence of obesity, a great deal of emphasis has been
placed upon discovering specific gene locations or DNA
sequences, which could predict an individual’s susceptibility
for obesity.49 Of those identified, the fat mass and obesity gene
FTO appears to have one of the largest effects on obesity and
therefore is important for identifying obesity risk. The inter-
action between PA and this candidate gene is important in
enhancing our understanding of how PA can modulate genetic
contributions to obesity and recent work with adults shows
that PA reduces the influence of particular variants of the FTO
gene on BMI by up to 30%.50 Interestingly no interaction was
found between variants of the FTO gene and PA in more than
19,000 child cases.50 These findings corroborate the weak
relationship noted earlier between BMI and PA during child-
hood, but also reinforce the need for more detailed markers of
body composition such as FFMI and FMI, in order to properly
understand these relationships.5.3. Circulating metabolites, obesity, and PAAlthough the evidence is not yet available in children, in
adults there is clearly support for the hypothesis that obesity
susceptibility lies not just within an individual gene, but within
the interaction of the gene with other genes and with envi-
ronmental variation such as PA. Changes in the concentration
of metabolites (small molecules generated during metabolism)
can provide a window into the interaction between genetic
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decades, limitations in technology has meant we have relied
upon traditional biomarker techniques of macro-metabolites
such as glucose or blood lactate. Whilst valuable, these
traditional biomarkers are isolated techniques using pre-
selected macro-metabolites. As such a comprehensive under-
standing of the relationships between PA, metabolite
composition and obesity in children is not currently available.
The development of metabolic profiling using metabonomics
is providing a powerful way of examining the metabolic basis
of both obesity and PA and may reveal potential markers for
mechanisms underlying muscle bioenergetics. Metabonomics
provides a global analysis of multiple metabolites and the
identification of patterns of circulating molecules that
discriminate one group from another on the basis of particular
characteristics, for example, relative adiposity or muscularity,
or specific aspects of PA or sedentary behavior.51 For example,
metabonomic exploration of 163 circulating metabolites
identified 12 circulating molecules that differentiated obese
and lean adults.52 These differences were independent of PA
and included marked increases in glycine and glutamine in the
obese, suggesting these are a direct outcome of alterations in
body composition.
Serum proteins and metabolites exhibit considerable vari-
ance due to the effect of PA. These metabolic perturbations
are not detected with sufficient sensitivity using conventional
measures of macro-metabolites such as triglyceride or
glucose, but can be sensitively detected utilizing metabo-
nomics. For instance, the effect of strenuous exercise on 420
circulating molecules has been explored in young men.
Thirty-four metabolites were identified as possible
biomarkers of strenuous exercise, specifically glycerol and
asparagine.53 Exploiting metabonomics in the younger pop-
ulation will be of enormous value both to furthering our
understanding of the metabolic responses to PA in lean and
obese and to expanding our ability to understand the physi-
ology underlying these.
6. Becoming physically active
Although the mechanisms underlying reductions in PA are
not well understood in the obese children, there are numerous
studies documenting the health benefits of becoming physically
active. Health benefits are wide-ranging from improvements in
lipid and glucose metabolic profiles and insulin resistance,54 to
improved endothelial function55 and augmented respiratory
function.56Health outcomes such as these have usually occurred
independent of changes inBMI. PA intervention has been shown
to result in reductions in adiposity;57,58 however, caution is
warranted in interpreting outcomes given many are related to
reductions in BMI. It may be time for the focus to be shifted
away from BMI as a marker of intervention success, and
attention paid to the interplay between health related outcomes
and alterations in quantitative aspects of muscle, muscle
metabolism and muscle signaling.
Whilst there are numerous potential health benefits arising
from being physically active, getting obese youngsters tobecome active remains a challenge. The lack of success of
many interventions illustrates just how difficult it is to create
an intervention strategy that is of sustained interest to the
pediatric population.59 Much of the previous intervention
work with obese youngsters has relied on an adult evidence-
base and although short-term success is regularly apparent,
longer-term adherence has been limited.60,61 Consideration of
the differences in the obese children’s physiology and their PA
patterns have been largely ignored, but in order to successfully
deliver PA programmes to obese young people these require
attention.
7. Summary
Our current understanding of the influence obesity has upon
PA in children is primitive and lacks mechanistic explanation.
In this review we have proposed that being obese results in
changes to skeletal muscle that create a cascade of cellular
metabolic alterations, impacting upon the obese children’s
ability to be physically active. Whether these changes occur
solely because of shifts in body composition in the obese, or
whether the disruptions noted in skeletal muscle metabolism
occur because of the combined influence of shifts in body
composition and inadequate PA is, to date, unknown. Estab-
lishing the causal relationship between obesity and physical
inactivity is imperative for curbing the obesity epidemic and
will require extending our knowledge of how body composi-
tion changes with obesity in the child, and how these changes
impact upon PA. Importantly, it will require examination of
the mechanistic basis of PA in the obese. The dearth of
information on the role skeletal muscle metabolism may play
in obesity and the emergence of new technologies allowing
cellular and metabolite mechanisms to be explored provides
plenty of scope for future work.
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